There is a current unmet need in diabetology for a direct measure of the functional beta cell mass in patients, partly as a result of a lack of appropriate probes. In this issue of Diabetologia, Vats and colleagues describe the generation of a new antibody raised against transmembrane protein 27 (TMEM27) with promising features for use in beta cell imaging in humans [1] .
Diabetes mellitus is characterised by high blood glucose levels caused by an insufficient functional beta cell mass, which is determined by the actual beta cell mass and how much insulin the beta cells produce relative to the physiological demand. Diabetes is a group of metabolic diseases with completely different aetiologies; there are three main types: type 1 diabetes is caused by autoimmune destruction of the beta cells, resulting in an absolute beta cell deficiency, whereas type 2 diabetes and gestational diabetes are caused by a relative beta cell deficiency resulting from peripheral insulin resistance and inadequate beta cell function, which is followed by loss of beta cell mass in type 2 diabetes.
The beta cell mass is plastic, allowing adaptation to physiological demand. For example, the pancreas is able to increase the beta cell mass during pregnancy and in obesity, at least in rodents, thus compensating for the increased demand for insulin caused by insulin resistance. Diabetes develops when this mechanism fails, and it is therefore thought that drugs that improve the capacity to expand the beta cell mass or, alternatively, prevent the loss of beta cell mass will be of great clinical importance in the treatment of diabetes. Evidence from mouse studies has suggested that, even after near complete loss of beta cells, the pancreas has the capacity to spontaneously regenerate a sufficiently large functional beta cell mass to become independent of insulin treatment [2] . Furthermore, measurable levels of circulating C-peptide, as well as pancreatic insulin-positive cells, can be found in type 1 diabetic patients, even many years after the onset of the disease [3] . This is indicative of sustained formation of new beta cells, lending hope to the notion that induction of immune tolerance could offer a potential cure for type 1 diabetes, perhaps in combination with regenerative medicine.
Although beta cell mass declines in both type 1 and type 2 diabetes in humans, the process is poorly understood because only indirect means are available for estimation of the beta cell mass in vivo. These are based on correlations between functional insulin secretion measurements and beta cell mass [4] . Furthermore, establishment of the beta cell mass by morphometry on biopsies may be grossly misleading owing to the heterogeneity of islet distribution in the organ. Thus, although biopsies have greatly facilitated the study of disease progression in organs such as the skin and the kidneys, this approach is less attractive in diabetes.
Alternative robust methods for determining the beta cell mass are therefore required in order to study the onset and progression of the disease, providing endpoints in clinical trials and measurements of the efficacy of novel therapies aimed at the preservation or regeneration of beta cells. It is interesting to note that animal studies have suggested that drugs that increase the level of glucagon-like peptide 1 (GLP-1) signalling may in part act through a positive effect on beta cell mass [5] . Several such drugs are on the market for the treatment of diabetes, but it is unknown whether they modulate beta cell mass in humans.
In vivo imaging of the pancreas and the beta cells contained therein could potentially allow the direct measurement of beta cell mass. However, although great progress has been made in medical imaging, in the form of magnetic resonance and positron emission tomography, imaging beta cells has proved to be a tremendous challenge. An inherent problem in beta cell imaging is their rarity and heterogeneous distribution in small (submillimetre) clusters throughout the pancreas, where they only constitute about 1-2% of the total organ mass.
No currently available method has enough spatial resolution to image native islets in vivo and it is therefore critical to identify probes that will increase islet contrast and produce a signal proportional to islet mass. The discovery that beta cells express vesicular monoamine transporter type 2 (VMAT2) has prompted researchers to use one of its ligands, dihydrotetrabenazine (DTBZ), for beta cell imaging [6] . DTBZ is used clinically for positron emission tomography (PET) imaging of dopaminergic neurons in the central nervous system and is the only tracer currently being clinical trialled for beta cell imaging by PET [7] . However, recent multimodal imaging has provided strong evidence that this approach may have limited use for beta cell imaging because the PET signal generated does not correlate with beta cell mass [8] . In their paper [8] the authors stipulate important directions for future preclinical evaluations of beta cell probes.
A similar approach has recently demonstrated promising results for in vivo optical imaging in mice. The GLP-1 receptor agonist exendin-4 can be fluorescently conjugated and injected intravenously in mice. Owing to high levels of the GLP-1 receptor on beta cells, the probe internalises and accumulates rapidly in the beta cells, allowing in vivo monitoring of the fluorescent signal which, importantly, shows a good correlation with beta cell mass determined by stereology. Furthermore, the probe effectively demonstrates loss of beta cell mass following streptozotocin-induced diabetes [9, 10] . We have generated similar probes and have likewise observed the rapid accumulation of these in beta cells in vivo. In addition, we have demonstrated their potential for beta cell imaging by using optical projection tomography on isolated pancreases (Fig. 1) . Although optical imaging is of limited use for total pancreas imaging in humans, the demonstration of very high probe accumulation and good signal-to-background ratios indicate that further investigation of this probe for use in PET imaging is warranted.
An alternative to the use of receptor/ligand pairs for probing beta cells is to use antibodies with beta cell surface reactivity and specificity. A monoclonal antibody with these characteristics (recognising an uncharacterised antigen, IC2) was generated in 1986 and was subsequently used to probe beta cells in vivo, although the analyses of specificity and correlation with beta cell mass were performed in isolated pancreases [11, 12] . The fact that this antibody is a large IgM class antibody and has a long plasma half-life is likely to reduce its application in human beta cell imaging owing to a poor signal-to-noise ratio [7] Promising probes were recently generated by panning a phage display in vivo and in vitro [13] . A single-chain antibody was identified that efficiently labels beta cells in vivo, and radiolabelling demonstrated a good correlation with beta cell mass in the isolated organ. The probe is cleared rapidly from the bloodstream and, although it was identified in a screen in rodents, the antibody also exhibits specific in situ binding to human islets. Interestingly, the antibody is internalised by beta cells. This feature is common to IC2 and exendin-4 probes and may represent an important feature required to generate sufficient label retention by target cells for imaging.
In this issue of Diabetologia, Vats and colleagues [1] present a novel monoclonal antibody directed against human transmembrane protein 27 (TMEM27). TMEM27 has previously been described as a beta cell marker and proposed to be a regulator of beta cell proliferation [14, 15] . Vats et al describe the first successful generation of an antibody to a known antigen on the beta cell that has properties allowing the in vivo imaging of beta cells. On human tissue arrays containing samples of a range of abdominal organs, the new antibody specifically labelled beta cells in the pancreas and also labelled cells in the kidney, but it did not cross-react with mouse TMEM27. The authors provide evidence that INS-1E cells overexpressing human TMEM27 can be imaged with the antibody conjugated with a near-infrared fluorophore when grafted subcutaneously in nude mice. In similar subcutaneous grafts, specific radioactive uptake following i.v. administration of a radiolabelled probe could clearly be imaged by PET. More importantly, the authors were able to demonstrate that the antibody specifically targets beta cells in vivo and that it gets internalised into the beta cells, possibly allowing a better accumulation of the signal. This was demonstrated by the administration of the antibody coupled to a nearinfrared conjugate in mice in which human TMEM27 was expressed under the control of the rat insulin promoter.
Taken together, this probe seems to offer an attractive new reagent for the in vivo determination of beta cell mass. However, some issues need to be addressed to truly demonstrate its potential. Since the antibody does not crossreact with mouse TMEM27, all studies were conducted using transgenic expression of the human protein. The expression levels were determined to be significantly higher than endogenous expression in human islets, and it will be important to demonstrate signal-to-noise ratios at endogenous expression levels of the target. Also, the lack of crossreactivity with the mouse protein prevented the generation of a signal in the kidneys of the transgenic mice; however, this could potentially be a problem in a clinical setting. It would be interesting to further characterise this antibody to demonstrate correlation with beta cell mass. Grafting human islets in mice is another potential way of demonstrating beta cell labelling at TMEM27 levels closer to normal. We and others have recently reported the finding and characterisation of cell surface reactive antibodies with beta cell specificity in the pancreas [16, 17] . A combination of existing probes (e.g. TMEM27 antibodies with GLP-1 receptor agonists) and novel, yet to be characterised, probes that use complementary internalisation mechanisms, could potentially improve the sensitivity in medical imaging methods.
